The reported overall rise in global surface temperatures since the latter 19 th Century is viewed largely as an atmospheric phenomena. However, we show that the global ocean is an important component in determining global surface temperatures. Via an empirical, mathematical methodology, we reveal the intrinsic modes of variability of planetary temperatures over the past 160 years, and find periods of cooling and warming, with multiple modes of variability; seasonal, inter-annual, decadal, multi-decadal and an overall warming trend. Our calculated overall rate of warming differs significantly from the estimate of the Intergovernmental Program on Climate Change, as well as the Nongovernmental Panel on Climate Change. We also investigate the modes of variability of recognized climate factors, and find a previously unreported 140 year cycle in two climate system data sets. A relatively large amplitude 60 -70 year cycle mode appears in all of the climate factors, and may be related to the time scale of the oceanic Meridional Overturning Circulation. This and other oceanic features may modulate global surface temperatures. An empirical relationship between fossil fuel burning and the global surface temperature anomaly time series overall trend emerges from our reduction of the non-stationary, non-linear data.
Introduction
The Earth system absorbs incoming short-wave radiation and reradiates, stores or exchanges it at different rates via natural processes described by [1] and carefully proscribed by [2] . For a planetary condition of thermal equilibrium, the amount of total outgoing, long-wave radiation must equal the total amount of incoming, short-wave radiation. The fact that the outgoing radiation does not equal the incoming means that the planet's global body temperature is not a constant. And thus varies both spatially and temporally. This is "climate variability". Of course there have been many scientists who have shown that the climate has in fact been warming in the recent past, and they refer to this apparent warming as "climate change" or "climate warming". However there are also some scientists along with industry spokespersons and political representatives at federal and state levels who claim that no such global warming is occurring or if it is it is but a temporary aberration of a naturally occurring climate cycle that will be followed by a cooling component. This has led to many confrontations in the public press and other media; resulting in confusion of the public.
A thorough unbiased discussion of the science and myth surrounding global climate warming and or cooling is presented in [3] . The authors point out that over periods of multiple decades the climate appears to be warming given the upward rise in temperatures reflected in the Global Surface Temperature Anomaly (GSTA) curve that has been produced based on the best available global surface temperature data dating back to the middle of the 19 th Century. Further they conclude that this rise in global surface temperature may likely be attributed to human activity and land use. Vogel and Lazar also point out that natural phenomena such as changes in solar activity and Earth orbital changes could lead to global cooling over periods of hundreds to thousands of years and could result into a the descent into a new ice age.
In our study we focus not only on the GSTA time se-ries and its component parts, collected on land and in the ocean, but also on other temperature and heat data sets, such as a surface temperature data set dating back to the 17 th Century and also on a variety of global climate factor indices. We are not looking at the ice age of the past nor of that which might possibility exist in the future. Albeit we will address the issues of climate change and variability, both warming and cooling, via the direct results of our investigations of the various time series that we study in Sections 4, 5 and 6 below. We also dispel the belief that the atmosphere is controlling the climate of Earth and we also reveal a relationship between the Earth's surface temperature and fossil fuel burning.
The Climate System
The global ocean covers 71% of the Earth's surface and contains 97% of the planet's water. Of course the atmosphere blankets the entire planet. However, the heat capacity of the fluid phase of water is much different then that of either the fluid phase of air or ice; as relates to the amount of hydrogen bonding. The magnificent H 2 O water molecule has a heat capacity and a latent heat of fusion 2 nd only to that of NH 3 , and this confers thermal stability to ocean waters. There is the rub. The heat capacity of the entire Earth's atmosphere is equivalent to that of just the upper 3.5 meters of the global ocean(s). Land has a low thermal conductivity such that heat reservoirs on the land surface and in the atmosphere are very limited.
The planetary heat balance components for the period from 1955 to 1998, based on the best observations at the time is presented in [4] . Basically over the 44 year period (in units of 10 22 Joules) these authors showed that: 1) 14.5 was absorbed by the global ocean; 2) 0.9 was absorbed by the continents; 3) 0.8 was the amount of heat required to melt continental glaciers; 4) 0.7 was absorbed by the atmosphere; 5) 0.3 was the amount required to reduce the Antarctic sea-ice extent; 6) 0.1 was the amount needed to melt mountain glaciers; 7) 0.005 was the amount required to melt northern hemisphere sea-ice; and 0.002 was the amount required to melt perennial Arctic sea-ice. So these authors estimated that the ocean was absorbing approximately 21 times as much as was the atmosphere. Moreover, from the above figures we see that the global ocean absorbs ~85% of the Sun's radiation. Given the several thousands of meters of oceanic depths, enormous quantities of heat can either be stored over these great depths for long periods of time or some heat can be released to the atmosphere and to land. Clearly, while land and the atmosphere have limited capacity to store heat, the ocean is a key player in the planetary retention of heat and in the ability to transport heat.
In the study reported on below, we will extend beyond the temperatures of just the global atmosphere to temperatures of the global oceans as well. It could be argued that while much attention was paid to the global surface atmospheric temperature record, and rightfully so as greenhouse gases have built up in the atmosphere, not enough attention has been paid to the global ocean temperature record in-kind. We will investigate the variability of oceanic and atmospheric land surface temperatures and oceanic heat as documented in global time series records. We will investigate the variability of temperature and heat as documented in several well known time series records and see if we can shed new insights into what these records reveal regarding the Earth's Climate system. As the climate system is likely defined by non-linear and non-stationary processes, we will utilize a data adaptive technique, described in the next section, to decompose the data.
Empirical Analytics
To decompose non-stationary (NS) and non-linear (NL) time series of data, neither Fourier Analysis, Wavelet Analysis, nor any other methodology that fits functions to the data can be employed. Limitations with mathematical methodologies that impose functions upon data were discussed in [5] . In that study, the authors rigorously developed a Hilbert-Huang Transform (HHT) which when applied to any continuous time series, resulted in the revelation of the Empirical Modal Decomposition (EMD) data adaptive decomposition method.
The EMD is shown to be an adaptive decomposition technique, as shown in [5] that can decompose NL and NL signal time series into a definite number of components with different frequencies by a method called "sifting". These components are called intrinsic mode functions (IMFs). The IMFs have well-behaved Hilbert-Huang Transforms, from which their inherent, instantaneous frequencies can be calculated. The essential procedure of EMD is to locally identify the most rapid oscillations in the signal, defined as a waveform interpolating interwoven local maxima and minima. To do so, the local maxima and minima points are interpolated with a cubic spline, to determine the upper and lower envelopes. The mean envelope is then subtracted from the initial signal, and the same interpolation scheme is repeated for the remainder of the signal. The sifting ends when the mean envelope is near zero everywhere, and the resultant signal is designated as the first IMF. The higher order IMF is iteratively extracted, applying the same procedure for the initial signal, after removing the previous IMF. In the original definition of IMF, to be an IMF a signal must satisfy two criteria, the 1 st being that the number of local maxima and the number of local  T minima must differ by at most one and the 2 nd that the mean of its upper and lower envelopes must equal zero. Therefore, a 1-dimensional discrete signal time series S T , after being decomposed by the EMD method, can be represented by the following form: ity of each of the separate time series and other climate factor time series employing EMD and EEMD.
Heat Input and Ocean Heat Content Data
Global and regional surface temperature data, ocean heat time series and climate factor indices used in our study were obtained from US federal and several foreign agency archives and are referenced below.
where IMF (n,T) is the Nth mode of the signal time series, and the residual is the gravest mode IMF or the residual trend of the time series.
In Figure 1 , we present seasonal and yearly anomaly data from the averages of global oceanic heat content data collected from the ocean surface down to 700 m over the period 1955-2010 using data obtained from the National Oceanic and Atmospheric AdministrationNational Ocean Data Center [8, 9] . Heat content is highly variable on seasonal and annual bases and rose from the relative heat anomaly of minus (−) 10 × 10 22 Joules to plus (+) 10 × 10 22 Joules (J), an increase of 2.0 × 10
23
Joules (Figure 1) . From a seasonal perspective, the range in heat content anomaly has been from −1. In Sections 4 and 5, we will next take an ensemble approach by running each of the time series of data through the EMD to create an ensemble EMD or EEMD [6] to study the variability of planetary temperature data. In Sections 4 and 5 below, we employ the definition of residual trend using the definition of "trend" that Wu [7] developed. In this study, a simple, logical definition of the overall "trend" of any time series, including NS-NL time series, was put forward. It was argued that being intrinsic the method to derive a trend must be adaptive. This definition of trend presumes the existence of a natural time scale. All these requirements suggest the EMD as the logical choice of an algorithm for extracting a trend from a data set. We will employ EMD in this climate focused study to eliminate NS in the overall data set time series via the identification of intrinsic modes of oscillation, and to reduce the NL to that of an overall trend of atmospheric and oceanic aspects of our climate system. Moreover, the GSTA actually consists of land and ocean surface temperatures which are separate temporal and spatial time series. We will assess the variabilWhen the oceans release heat and moisture into the atmosphere, climate factors and conditions can be altered and atmospheric eddies, aka "atmospheric storms", can form. Heat and thus energy are then redistributed by the atmosphere, principally from the equatorial zone to the Polar zones. Likewise oceanic western boundary currents move heat from the Equatorial to the Polar Regions and large scale vertical plane ocean circulations such as the southward flowing deep branch of the Atlantic Meridional Overturning Circulation (the MOC) which moves cold, saline water from the Poles towards the Equator, thus having the net effect of increasing the meridional heat distribution in a poleward direction. The MOC has been referred to as the Themohaline Circulation (THC) of the ocean, that is the part of the circulation controlled by temperature and salinity variations, but the two are synonymous [10] . According to these authors, the MOC is the zonal integral of the meridional velocity while the THC is a mechanism involved in the overturning. This begs the question: What does the overall heat content record actually mean in terms of any associated increases or falls in the surface temperature of the global ocean?
In Figure 2 , we see the EEMD of the Global Heat Content 3-monthly averaged time series over the period of . There are 7 intrinsic modes. Modes shown are C1, 3 -6 monthly, C2 annual to inter-annual, C3 a 2 -4 year cycle, C4, a 7 -8 year cycle, C5, an approximately 20 year cycle, and C6, ~30 year cycle and the gravest mode, an overall trend which has risen significantly over the length of the record. 
The Global Land and Ocean Surface Temperature Anomaly Data and a Surface Temperature Time Series from Central England
We now consider the several time series of global surface temperature anomalies and a rare time series of surface temperatures taken in Central England. These four data sets were obtained from the Hadley Cru website for the Southern and Northern Hemispheres (http://www.cru.uea.ac.uk/cru/info/warming/), the combined Global Surface Temperature Anomaly (GSTA) record and the data set from England.
In Figure 4 we present the time series showing the combined global land and marine surface temperature record from 1850 to 2009. This time series is continuously compiled jointly by the Climatic Research Unit and the UK Meteorology Office, Hadley Centre.
In Figure 5 , the IPCC (2007) (Figure 7(a) ) are ~±0.1˚C as oceanic values dominate over land values. Figure 6 shows that for both the oceans and land the IMFs are almost identical save for amplitudes in temperature. An example of the in-phase co-incidence is displayed by IMF 8, (Figure 7 In Figure 7 we see the time series of the global surface temperature anomaly data (black line) and the sums of Modes 8 and 9 (the 60 -70 year oscillations and the overall time series trends) of the global land and ocean time series (red) and the ocean time series (blue). Remarkably, the trends plus the Mode 8 oscillations account for the overall rise and the 60 -70 year modulation of that modulated rise and fall in global temperatures.
From Figure 8 , clearly the GSTA rate of increase or As we can see from the Blue Line in Figure 9 , the annual rate of change of the GSTA has ranged from a rate of −0.6˚C/Century in the early 1890's rising to a rate of +1.5˚C/Century in 1930, then falling to a rate of −0.5˚C/ Century in 1950, then rising to a rate of +2.0˚C/Century in 1995, and then falling to a rate of +1.2˚C/Century by 2010. We have obviously entered a relative cooling period which should last an additional 25 -30 years, if the 60 -70 year cycle continues; though the overall trend of the global surface temperature is still upwards.
In Figure 3 we saw that the 11 year cycle in Solar Sunspot activity is not evident in the global ocean heat record. However in the global surface temperature anomaly time series of the atmosphere over land and on the surface of the oceans, Intrinsic Mode 6 captures the 11 year Solar Cycle (Figures 4(b) and (c), respectively) . While the Sun has not increased input over the brief 55 year period, 1955-2010, oceanic heat storage has increased significantly [11] . As shown, the ocean heat rise is in qualitative agreement with the Global Surface Temperature Anomaly (GSTA) time series for the Southern and Northern Hemispheres (compare Figures 1 and  4) , the combined 1850-2010 global land and oceanic surface temperature record: http://www.cru.uea.ac.uk/cru/info/warming/.
To investigate these temperature anomalies further, we consider an older time series, collected in a region of Central England, and dating back to the 1659. To our knowledge, this is the World's longest continuous temperature time series, available from the Hadley Center. The time series and its modal decomposition are shown in Figure 10 . Again Mode 8 appears in the 17 th Century Central England time series, suggesting that the multidecadal oscillation is a naturally occurring phenomenon. Moreover, a lower frequency ~105 -110 year oscillation is evident as well. This is an unexpected and previously unreported in the literature. This suggests that there is a source or more likely two sources of forcing of the Earth's surface temperature which results in a global Thus our findings reveal that there has been an overall planetary warming that has been ongoing for 350 years. While the overall trend has been upwards, the universally acknowledged GSTA displays a recent rate of ~1.0˚C/ Century. This is also true in the 350 year time series from Central England. Moreover the Central England time series shows a rate of warming that ranged from 0.8˚C/Century in 1659 to 0.0 in 1800 to 0.3˚C/Century in 1880 and is now at 1.0˚C/Century; in keeping with the GSTA time series. This is the highest rate of warming evident in the entire Hadley Center Central England record length. The multi-decadal to decadal, to annual rates of change of the GSTA suggest that talking in terms of degrees of warming per century is very misleading and perhaps we should be talking about degrees of warming or cooling per decade as suggested by Figures 6-8 , given the multi-modes of variability revealed by EEMD.
Relationships of Temperature Time Series with Selected Climate Factors, Implications for Global Climate Change and Conclusions

Selected Climate Factors
In an effort to relate the long term trends and variability of the various temperature records discussed above, we next consider their possible correlations with climate factor behavior over the record lengths of the data from which they are derived. We will consider the North Atlantic Oscillation (NAO), the Pacific Decadal Oscillation (PDO), the Atlantic Multi-Decadal Oscillation (AMO), the El Niño Southern Oscillation/Japan Meteorological Agency (ENSO/JMA), the Arctic Oscillation (AO), the Quasi-Biennial Oscillation, Sun Spot Activity, and the Atlantic Meridional Mode (AMM). We present the time series and modal decompositions of these factors in Figure 9 . The NAO is traditionally defined as the normalized pressure difference between a station on the Azores and one at Reykjavik, Iceland. The NAO is the dominant mode of winter climate variability in the North Atlantic region ranging from central North America to Europe and much into Northern Asia, which is defined by the pressure difference between the Azores and Iceland. An extended version of the index can be derived for the winter half of the year by using a station in the southwestern part of the Iberian Peninsula [12] . Here we give data for SW Iceland (Reykjavik), Gibraltar and Ponta Delgada (Azores) as calculated by [13] .
The AO is an atmospheric circulation pattern in which the atmospheric pressure over the polar regions varies in opposition with that over middle latitudes (about 45 degrees North) on time scales ranging from weeks to decades. The AO is the projection of monthly mean 1000 mb height anomalies onto the 1st EOF poleward of 20-degrees North. Values are normalized by the 1979-2000 period. The AO is the dominant pattern of non-seasonal Sea-Level Pressure (SLP) variations north of 20N, and it is characterized by SLP anomalies of one sign in the Arctic and anomalies of opposite sign centered about 37 -45N. The AO oscillation extends through the depth of the troposphere. During the months of January through March it extends upward into the stratosphere where it modulates in the strength of the westerly vortex that encircles the Arctic polar cap region. The NAO and the AO are different ways of describing the same phenomenon.
The Pacific Decadal Oscillation (PDO) Index is defined as the leading principal component of North Pacific monthly sea surface temperature variability (poleward of 20N for the 1900-93 period) [14] : While ENSO and the PDO have similar spatial climate fingerprints, they have very different behavior in time. The indices of PDO and ENSO are significantly correlated.
The Atlantic Multi-decadal Oscillation (AMO) represents a cycle in the large-scale atmospheric flow and ocean currents in the North Atlantic Ocean that combine to alternately increase and decrease Atlantic sea surface temperatures (SSTs). It is defined as the mean SST between 75˚W and 7.5˚W and south of 60˚N, and has been identified to have a close relationship with Sahara rainfall and Atlantic dipole mode. The AMO is the time series calculated from the Kaplan SST dataset and is updated monthly www.esrl.noaa.gov/psd/data/gridded/data.kalan_sst.html.
For ENSO, we employ the Japan Meteorological Agency (JMA) Index which is based on an SST-based index for determining El Nino and La Nina-El Viejo events [15] JMA calculates monthly SST anomalies averaged for the area 4 N to 4 S and 150 W to 90 W. Also applied is a 5-month running mean of the data. The 5-month running mean is implemented to smooth out possible intra-seasonal variations.
The AMO un-smoothed version is at: http://www.esrl.noaa.gov/psd/data/correlation/amon.us.data.
The PDO Index data can be found on the web: http://jisao.washington.edu/pdo/PDO latest. As stated in the website, "the updated standardized values for the PDO Index, derived as the leading Principle Component of monthly SST anomalies in the North Pacific Ocean, pole ward of 20N. The monthly mean global average SST anomalies are removed to separate this pattern of variability from any "global warming" signal that may be present in the data. We were not able to find an un-smoothed version of the PDO. The JMA ENSO index can be found at: ftp://www.coaps.fsu.edu/pub/JMA_ SST_Index/ The jmasst1868-today.filter-5 is the only unsmoothed time series. As we can see from the RE-ADME file: The data file (jmasst1868-today.filter-5) is the JMA index based on reconstructed monthly mean SST fields for the period Jan. 1868 -Feb. 1949 and on the observed JMA SST index for March 1949 to the present.
The Quasi-Biennial Oscillation (QBO) is defined as a quasi-periodic oscillation of the equatorial zonal wind between easterlies and westerlies in the tropical stratosphere with a mean period of 28 to 29 months. The alternating wind regimes develop at the top of the lower stratosphere and propagate downwards at about 1 km (0.6 mi) per month until they are dissipated at the tropical tropopause. Downward motion of the easterlies is usually more irregular than that of the westerlies. The amplitude of the easterly phase is about twice as strong as that of the westerly phase. At the top of the vertical QBO domain, easterlies dominate, while at the bottom, westerlies are more likely to be found. The data are available from NCAR at: climatedataguide.ucar.edu/guidance/qbo-quasibiennial-oscillation
The following statement is from NCAR: http://www. cgd.ucar.edu/cas/jhurrell/naointro.html "Since there is no unique way to define the spatial structure of the NAO, it follows that there is no universally accepted index to describe the temporal evolution of the phenomenon. Most modern NAO indices are derived either from the simple difference in surface pressure anomalies between various northern and southern locations, or from the PC time series of the leading (usually regional) EOF of sea level pressure (SLP). Many examples of the former exist, usually based on instrumental records from individual stations near the NAO centers of action, but sometimes from gridded SLP analyses. A major advantage of most of these indices is their extension back to the mid-19th century or earlier.
However, a disadvantage of station-based indices is that they are fixed in space. Given the movement of the NAO centers of action through the annual cycle, such indices can only adequately capture NAO variability for parts of the year. Moreover, individual stations pressures are significantly affected by small-scale and transient meteorological phenomena not related to the NAO and, thus, contain noise. An advantage of the PC time series approach is that such indices are more optimal representations of the full NAO spatial pattern; yet, as they are based on gridded SLP data, they can only be computed for parts of the 20 th century, depending on the data source." The RPCA NAO indices from CPC, contain considerable inter-seasonal and inter-annual variations, it also exhibits significant multi-decadal variability [12, 16] .
In Figure 11 we present the HHT EEMD IMFs of four climate factors, the AMO, the NAO, ENSO and the PDO. The AMO is basically an index of North Atlantic Ocean surface temperatures. The time series of the AMO is purportedly created in a smoothed version and an unsmoothed version. We present the so-called "unsmoothed" version in Figure 11(a) . From Figure 11(a) we see that the overall trend of the AMO is flat (red line) though there is a significant multi-decadal modulation in the overall time series. Mode 8 provides that modulation and is a 70+ year modulation. However, as shown in Figure  8b the Global Ocean temperature time series displays an upward trend. Why the difference?
The NAO displays nine modes of variability ( Figure  11(b) ), the ENSO/JMA Index shows ten modes ( Figure  11(c) ) and the PDO (Figure 11(d) ) contains nine modes. We note that the ENSO Index is the longest time series. C10 of ENSO along with the C9's of the AMO, NAO and PDO are the respective trends. All of the climate factor time series have seasonal or 3-monthly, 6-monthly, 1-year or annual, 2 -4 year, 5 -7 year, 10 -12 year, ~30 -35 year, 60 -70 year variability. ENSO, the longest time series, also displays a ~140 year cycle. This set of decompositions coupled with those of the several global and local temperature time series strongly suggests that there is structure and order at global to local scales in the Earth's surface temperature temporal and spatial structure.
As the NAO and the AO are different ways of describing the same phenomenon, we do not show the AO decomposition. In our discussion below, we also consider the Atlantic Meridional Mode (the AMM) which describes the meridional SST variabilty in the tropical At- Multi-decadal oscillations in various aspects of the Earth's climate system have been previously discussed [1, 12, 14, 16] . Further, there are reported findings of multi-decadal variability in the oceanic Atlantic MOC [17] [18] [19] that may be related to global sea ice cover and extent [20] [21] [22] reported that a typical feature of all recent climate numerical model retrospective studies [23] , all driven by atmospheric reanalysis fields, reveal a low in the transport in the MOC corresponded to a contemporaneous oscillation in the NAO over the same period [24] also showed a strong connection between the MOC and North Atlantic SST. This temporal variability in the retrospectively modeled MOC suggests a 30 -35 year signal. There is evidence [25] that the time series of globally averaged annual heat fluxes variation suggests a cycle of about 65 years in global oceanic surface heat flux. So the 60 -70 year cycles that we see in the multiple surface temperature time series may be a manifestation of the MOC. It is of note that while the surface temperature of the global ocean rose about 0.8˚C from 1955 to 2009, the rise in heat content in the global ocean (Figure 1 ) resulted in a net rise of about 2˚C. This suggests that the surface temperature of the global ocean, as measured via satellite as a skin temperature, and from shipboard and buoy surface observations, may not fully reflect what is going on below the ocean surface. The implications of this finding are not known and are beyond the scope of this study.
In an effort to relate the long term trends and variability of the various temperature records discussed above, we next consider their possible correlations with climate factor behavior. For example, in Figure 12 we consider the 60 -70 year surface temperature oscillation mode found in the global land and global ocean and Central England time series along with the similar mode that has Arctic Oscillation (AO), the North Atlantic Oscillation (NAO,) the Pacific Decadal Oscillation (PDO), the Atlantic Multi-Decadal Oscillation (AMO), and the El Niño Southern Oscillation (ENSO).
To assess the global presence of the 70 ± year temperature cycle in the climate factor data and temperature time series, we show that the oscillation is omni-present (Figure 12 ). There are phase shifts in the timing of the multi-decadal oscillation and the amplitude varies considerably from factor to factor. In Tables 1 and 2 and Figure 13 , we present the entire cross-correlation matrix in both tabular and block form for the GSTA and Central England separate time series. We see that there is significant correlation between the two temperature time series and the climate factors selected, as a function on IMF mode. factors are significantly and robustly correlated. As the global ocean surface and global land surface temperature anomaly cross-correlation matrices are very similar in "r" values, only the GSTA correlations with the selected climate factors are presented.
In Table 1 and the Upper Panel of Figure 13 , the long-term trends of the GSTA and the above listed climate factors are highly statistically, correlated. In Table 2 and the Lower Panel of Figure 13 , and identical to that of the GSTA, the long-term trends of the GSTA and the above listed climate factors are highly statistically, correlated. Those correlations with the AMO, JMA and NAO are almost identical, though the correlation with the NAO is negative. There are also high correlations between the Central England trend and the AMM, AO, PDO, QBO and the SUN, though those with the NAO and SUN are negative. The original time series of the Central England time series is only significantly correlated with the AO. The Central England IMF modes are significantly correlated with: is significantly correlated with: modes 5 and 6 of the AMM; modes 2 -8 of the AMO, with modes 6 and 8 negatively correlated; modes 2 and 5 -8, of the ENSO/JMA modes, with 6 and 7 being negative; modes 1, 5, 6 and 8 of the AO; modes 1 and 6 -8 of the NAO, with 7 negative; modes 2 -4 and 6 -8 of the PDO, with 3, 4, 6 and 7 negative; modes 2, 3, 4 and 7, 8 of the QBO, with 2, 7 and 8 negative; and modes 5, 6 and 8 of the SUN, with 8 negative.
So, in general, the HHT/EEMD/IMFs of the GSTA and the Central England times series are highly correlated with multiple modes of the selected climate factor IMFs. Curiously modes 5 and 8 of both temperature time series are highly correlated with those of all of the climate factor modes in kind. Recall that mode 5 has a 5 -7 year cycle and mode 8 is a 60 -70 year cycle. Mode 5 tends to be identified with ENSO while mode 8 is identified with the MOC.
As we discussed previously, such phenomena as Western Boundary Currents and the MOC, contribute to the Earth's climate system as capacitors and as global temperature thermostats. The global ocean participates in the planetary climate system in several ways: exchange of heat, water vapor and CO 2 with the cryosphere and atmosphere; storage and sequestering of heat, saltwater and freshwater and CO 2 and carbon at varying depths over differing time periods; and redistribution of heat, saltwater, freshwater, CO 2 and carbon in other forms via large scale ocean current systems. Heat and energy are redistributed, from the equatorial zone to the Polar zones via atmospheric eddies, aka "atmospheric storms", which form when the ocean releases heat and moisture into the atmosphere.
As relates to the MOC, climate model output is presented [26] which shows a prominent quasi-decadal oscillation in modeled SSTs, in keeping with IMF Mode 8. However, and unfortunately, the scientific literature contains only a crude, rudimentary picture of the MOC and other global ocean thermohaline circulations (the THC) and thus redistributions of heat, salt and buoyancy based on observations. So the true pictures of processes and time-scales of ocean phenomena, even those coupled to the atmosphere, remains unresolved. However, it is also clear that this multi-decadal cycle is vitally important to the disposition of global surface temperatures and as such, any future freshening of the North Atlantic Ocean via glacial melting could slow the strength and speed of the MOC down and thus affect our future climate. This speaks to the need of more and better observations, information and numerical modeling of the MOC. Albeit, there are concerns being expressed about the uncertainty surrounding the future of the MOC [27] .
Implications for Global Climate Change
It has been suggested [19] that strong multi-decadal and centennial time scale variability could mask anthropogenic climate signals which have evolved over similar time scales. We have shown ( In Figure 14 , we demonstrate that by employing HHT/ EEMD, we have produced the trends of the GSTA and Central England temperature time series. GSTA and Central England surface temperature trends and the carbon loading time series, represented as increases in CO Population estimates were not available to permit calculations of global per capita estimates before 1950. Please note that annual sums were tallied before each element (e.g., Gas) was rounded and reported here so totals may differ slightly from the sum of the elements due to rounding).
(10 −3
)˚F/BMTC). Projecting into the future, if the present rate of fossil fuel burning of ~9 BMTC/Year were to continue to 2100, then the planet's surface temperature could rise by ~1.74˚C (or 3.14˚F). Of course, this overall anthropogenic induced increase would be modulated by the planet's natural modes of variability, as identified in Section 5 above. We do note here that "correlation does not imply causal-ity" [29] and that a system as complex of the Earth's Climate system can make adjustments to continued or increased fossil fuel burning, in ways that we can only speculate upon at present; even given our growing enabling capability to numerically model the future temperature of our planet.
Conclusions
In the time series of global ocean and land/atmospheric and Central England surface temperatures, there are higher to lower frequency modes of variability that are superimposed on each other. The lowest frequency mode is the overall trend of the time series. There is no a priori reason for energy to be constrained to move either up or down the energy spectrum and can exist at definitive frequencies and presumably be transferred up or down the energy spectrum.
The global ocean is the leading heat sink and source for the planet's climate variability. Land surface temperatures have increased at the rate of 1.78˚C/Century. Ocean surface temperatures have increased at the rate of 0.98˚C/Century. The planetary surface has been warming at an overall rate of 1.04˚C/Century, more in keeping with the global ocean increase than the surface temperatures on land. So the global Ocean is modulating or controlling the planetary surface temperature; to wit the Ocean may be controlling the planetary surface temperatures.
Our study shows that there are seasonal, twice yearly, annual, inter-annual, 5 -7 year, 10 -12 year, 30 -35 year and 60 -70 year oscillations in the planetary surface temperature record. The 60 -70 year signal strongly modulates the running trend of the overall warming of the planet. Unfortunately this 60 -70 year global surface temperature oscillation cannot be causally identified and proven with existing oceanic data sets as observations in the global oceans are sorely lacking. However, shorter time series of global and regional temperature and salinity data sets and global surface heat flux data sets are encouraging that this feature does exist in relationship to the Atlantic MOC. This oceanic feature has also appeared in numerical model output [19] [20] [21] [22] and may be tied to a fundamental time scale of the MOC. These modeling studies make the case for the need for truly inter-actively coupled atmospheric-oceanic models and more aggressive global ocean observational programs, needed to reveal more about our climate system; given the paucity of oceanic data.
Known climate factors consist of multiple modes of variability. Carbon loading appears to have a strong signal in the Earth's surface temperature record. As we have burned nearly 350 billion metric tons of fossil fuels over the Industrial Age, that release of Carbon appears to have resulted in a direct net increase of about 0.7523˚C of the Earth's surface temperature; much of the globally observed surface temperature increase. Presently the rate of fossil fuel burning is ~9 BMTC/Year and could lead to a human caused increase in the Earth's surface temperature of ~1.74˚C by the onset of the 22 nd Century, if recent past is prologue to the future.
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